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(54) Automatic identification level control circuit, identification level control method, automatic 
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optical communication system 



(57) The present invention provides an automatic 
identification level control circuit, an identification level 
control method, an automatic identification phase con- 
trol circuit, an identification phase control method, and 
an optical receiver, capable of stably setting an optimal 
identification level or identification phase. An automatic 



identification level control circuit of the present invention 
includes a coupling capacitor, an identification circuit, a 
level fluctuation detection circuit, an identification volt- 
age control circuit, and a low-pass filter. The identifica- 
tion circuit includes limiter amplifiers and flip flops. The 
level fluctuation detection circuit includes exclusive OR 
circuits. 
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D scription 

[0001] The present invention relates to an automatic 
identification level control circuit, an identification level 
control method, an automatic identification phase con- 
trol circuit, an identification phase control method, and 
an optical receiver. More particularly, the present inven- 
tion relates to an automatic identification level control 
circuit, an identification level control method, an auto- 
matic identification phase control circuit, an identifica- 
tion phase control method : and an optical receiver, ca- 
pable of automatically controlling an identification level 
or an identification timing according to an input signal. 
[0002] In a high-speed long-distance optical transmis- 
sion, an optical signal is subject to a waveform distortion 
due to characteristics of a fiber (e.g., a band reduction, 
a non-linear effect). Therefore, the optimal position of 
the identification level for the optical signal is constantly 
changing. At present, however, since the identification 
level is fixed to a single point, the identification level is 
not set to the optimal identification level for various con- 
ditions. A resulting drawback is a narrow error margin 
which may limit the transmission distance. 
[0003] In view of such a problem in the prior art, meth- 
ods for controlling an identification level or an identifica- 
tion phase have been proposed in the art. 
[0004] For example, Japanese Laid-Open Patent 
Publication No. 08-265375 discloses a method for con- 
trolling an identification level and a method for control- 
ling an identification phase. In the method for controlling 
the identification level, a comparison is made between 
two output signals of adjacent levels among three output 
signals from three identifiers which receive a data input 
and have respectively different identification levels (i.e., 
low, intermediate and high levels). For example, the high 
level output signal is compared with respect to the inter- 
mediate level output signal. If the comparison result in- 
dicates a mismatch, the three identification levels are 
parailelly (i.e., with the intervals therebetween kept un- 
changed) shifted toward a direction opposite to the iden- 
tification level used in the comparison (e.g., the high lev- 
el). For example, if a result indicating a mismatch oc- 
curred between the intermediate level and the high lev- 
el, the three identification levels are parailelly shifted to 
lower levels, respectively. In the method for controlling 
the identification phase disclosed in this laid-open pat- 
ent publication, a comparison is made between two out- 
put signals of adjacent timings among three output sig- 
nals from three identifiers which receive a data input and 
have respectively different identification timings (i.e., 
delayed, intermediate and advanced phases). For ex- 
ample, the advanced phase output signal is compared 
with respect to the intermediate phase output signal. If 
the comparison result indicates a mismatch, the thr e 
identification timings are parailelly shifted toward a di- 
rection opposite to the identification timing used in the 
comparison (e.g., the advanced phase). For example, if 
a result indicating a mismatch occurred between the in- 



termediate phase and the advanced phase, the three 
identification timings are parailelly shifted to more de- 
layed timings, respectively. 

[0005] However, the above-described conventional 

5 method has the following problems. 

[0006] In the method for controlling an identification 
level or an identification phase described in Japanese 
Laid-Open Patent Publication No. 08-265375, supra, al- 
though all of the three identification levels or identifica- 

10 tion timings used for the control are parailelly shifted, 
the intervals therebetween are fixed. Therefore, the con- 
trol system may be instable when the difference be- 
tween high and low levels of the incoming signal de- 
creases- Specifically, when the high identification level 

15 of the three identification levels is optimized, the low 
identification level may become less than the low level 
of the signal, resulting in a "mismatch" resultf rom a com- 
parison with respect to the output of the identifier of the 
intermediate identification level. Then, if the low idenli- 

20 fication level is optimized, the high identification level 
deviates from the optimal value. Therefore, the control 
system as a whole may not reach a stable state, where- 
by even an oscillation may occur. 
[0007] An object of the present invention is to solve 

25 the above-described problem by providing an automatic 
identification level control circuit, an identification level 
control method, an automatic identification phase con- 
trol circuit, an identification phase control method, and 
an optical receiver, capable of stably setting an identif i- 

30 cation level or an identification phase. 

[0008] In order to achieve the above-described ob- 
ject, an automatic identification level control circuit of the 
present invention comprises: a plurality of identification 
circuits receiving an input data signal and having iden- 

35 tification levels different from one another; a plurality of 
exclusive OR circuits each outputting a match determi- 
nation signal indicating "match" or "mismatch" between 
outputs from the identification circuits which respective- 
ly correspond to two identification levels adjacent to 

40 each other in terms of magnitude among the identifica- 
tion levels different from one another; and an identifica- 
tion voltage control circuit for outputting a control signal 
for adjusting respective absolute values of the identifi- 
cation levels different from one another and an interval 

45 therebetween so that the match determination signal in- 
dicates "match". 

[0009] An automatic identification level control circuit 
of the present invention may comprise: a plurality of 
identification circuits receiving an input data signal and 

so having identification levels different from one another; a 
plurality of exclusive OR circuits each outputting a 
match determination signal indicating "match" or "mis- 
match" between outputs from the identification circuits 
which respectiv ly correspond to two identification lev- 

55 els adjacent to ach other in terms of magnitude among 
the identification levels different from one another; and 
an identification voltage control circuit for outputting a 
control signal for adjusting a difference between a DC 
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level of the input data signal and one of the identification 
levels different from one another, and each of the other 
identification levels so that the match determination sig- 
nal indicates "match". 

[0010] The identification voltage control circuit may 5 
comprise: a charging circuit whose output voltage is in- 
cremented when a first one of the match determination 
signals corresponding to a first one of the identification 
levels indicates "mismatch"; a discharging circuit whose 
output voltage is decremented when a second one of 
the match determination signals corresponding to a sec- 
ond one of the identification levels which is less than the 
first identification level indicates "mismatch"; and a 
charging/discharging circuit having a first output whose 
voltage rapidly decreases when at least one of the first 
and second match determination signals indicates "mis- 
match" and gradually increases when both of the first 
and second match determination signals indicate 
"match", and a second output whose voltage rapidly in- 
creases when at least one of the match determination 
signals indicates "mismatch" and gradually decreases 
when both of the match determination signals indicate 
"match". 

[0011] The identification voltage control circuit may 
comprise: a discharging circuit whose output voltage is 
decremented when a first one of the match determina- 
tion signals corresponding to a first one of the identifi- 
cation levels indicates "mismatch"; a charging circuit 
whose output voltage is incremented when a second 
one of the match determination signals corresponding 
to a second one of the identification levels which is less 
than the first identification level indicates "mismatch"; 
and a charging/discharging circuit having a first output 
whose voltage rapidly decreases when at least one of 
the first and second match determination signals indi- 
cates "mismatch" and gradually increases when both of 
the first and second match determination signals indi- 
cate "match", and a second output whose voltage rap- 
idly increases when at least one of the match determi- 
nation signals indicates "mismatch" and gradually de- 
creases when both of the match determination signals 
indicate "match". 

[0012] The identification voltage control circuit may 
comprise: a first up/down counter which counts up when 
a first one of the match determination signals corre- 
sponding to a first one of the identification levels indi- 
cates "mismatch" and counts down when a second one 
of the match determination signals corresponding to a 
second one of the identification levels which is less than 
the first identification level indicates "mismatch"; a timer 
for providing a predetermined timing; a second up/down 
counter which counts down when at least one of the first 
and second match determination signals indicates "mis- 
match" and counts up in accordance with the predeter- 
mined timing provided by the timer; and a third up/down 
counter which counts up when at least on of the first 
and second match determination signals indicates "mis- 
match" and counts down in accordance with the prede- 
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termined timing provided by the timer. 
[0013] The identification voltage control circuit may 
comprise: a first up/down counter which counts down 
when a first one of the match determination signals cor- 
responding to a first one of the identification levels indi- 
cates "mismatch" and counts up when a second one of 
the match determination signals corresponding to a sec- 
ond one of the identification levels which is less than the 
first identification level indicates "mismatch"; a timer for 
providing a predetermined timing; a second up/down 
counter which counts down when at least one of the first 
and second match determination signals indicates "mis- 
match" and counts up in accordance with the predeter- 
mined timing provided by the timer; and a third up/down 
counter which counts up when at least one of the first 
and second match determination signals indicates "mis- 
match" and counts down in accordance with the prede- 
termined timing provided by the timer. 
[0014] The identification voltage control circuit may 
comprise; a discharging circuit whose output voltage is 
decremented when a first one of the match determina- 
tion signals corresponding to a first one of the identifi- 
cation levels indicates "mismatch"; and a charging cir- 
cuit whose output voltage is incremented when a sec- 
ond one of the match determination signals correspond- 
ing to a second one of the identification levels which is 
less than the first identification level indicates "mis- 
match". 

[0015] An average value between identification levels 
which respectively have a maximum value and a mini- 
mum value among the identification levels different from 
one another may be included as an identification level. 
[0016] The automatic identification level control circuit 
may further comprise: a pulse width elongation circuit 
which is inserted between each of the plurality of exclu- 
sive OR circuits and the identification voltage control cir- 
cuit for elongating the match determination signal. 
[0017] An automatic identification phase control cir- 
cuit of the present invention comprises: a plurality of 
identification circuits receiving an input data signal and 
having identification timings different from one another; 
a plurality of exclusive OR circuits each outputting a 
match determination signal indicating "match" or "mis- 
match" between outputs from the identification circuits 
which respectively correspond to two identification tim- 
ings adjacent to each other in terms of delay amount 
among the identification timings different from one an- 
other; and an identification timing control circuit for out- 
putting a control signal for adjusting respective ones of 
the identification timings different from one another so 
that the match determination signal indicates "match". 
[0018] The identification timing control circuit may 
comprise: a discharging circuit whose output voltage is 
decremented when a first one of the match determina- 
tion signals corresponding to a first on of the identifi- 
cation timings indicates "mismatch"; a charging circuit 
whose output voltage is incremented when a second 
one of the match determination signals corresponding 
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to a second one of the identification timings which is de- 
layed with respect to the first identification timing indi- 
cates "mismatch"; and a charging/discharging circuit 
having a first output whose voltage rapidly decreases 
when at least one of the first and second match deter- 
mination signals indicates "mismatch" and gradually in- 
creases when both of the match determination signals 
indicate "match", and a second output whose voltage 
rapidly increases when at least one of the match deter- 
mination signals indicates "mismatch" and gradually de- 
creases when both of the match determination signals 
indicate "match". 

[0019] The identification timing control circuit may 
comprise: a first up/down counter which counts down 
when a first one of the match determination signals cor- 
responding to a first one of the identification timings in- 
dicates "mismatch" and counts up when a second one 
of the match determination signals corresponding to a 
second one of the idenUFicalion timings which is delayed 
with respect to the first identification timing indicates 
"mismatch"; a timer for providing a predetermined tim- 
ing; a second up/down counter which counts down when 
at least one of the first and second match determination 
signals indicates "mismatch" and counts up in accord- 
ance with the predetermined timing provided by the tim- 
er; and a third up/down counter which counts up when 
at least one of the first and second match determination 
signals indicates "mismatch" and counts down in ac- 
cordance with the predetermined timing provided by the 
timer. 

[0020] The identification timing control circuit may 
comprise: a discharging circuit whose output voltage is 
decremented when a first one of the match determina- 
tion signals corresponding to a first one of the identifi- 
cation timings indicates "mismatch"; and a charging cir- 
cuit whose output voltage is incremented when a sec- 
ond one of the match determination signals correspond- 
ing to a second one of the identification timings which is 
delayed with respect to the first identification timing in- 
dicates "mismatch", 

[0021] An average value between identification tim- 
ings which respectively have a maximum delay amount 
and a minimum delay amount among the identification 
timings different from one another may be included as 
an identification timing. 

[0022] The automatic identification phase control cir- 
cuit may further comprise: a pulse width elongation cir- 
cuit which is inserted between each of the plurality of 
exclusive OR circuits and the identification timing con- 
trol circuit for elongating the match determination signal. 
[0023] An identification level control method of the 
present invention comprises: an identification step of 
making a comparison in magnitude between an input 
data signal and each of a plurality of identification levels 
different from one another; a comparison step of making 
a comparison between comparison results from the 
identification step which respectively correspond to two 
of the identification levels different from one another, 



thereby giving a determination result of "match" or "mis- 
match"; and an identification voltage adjustment step of 
adjusting respective absolute values of the identification 
levels and an interval therebetween based on the deter- 
5 mination result given in the comparison step. 

[0024] The number of the identification levels may be 
three. 

[0025] The identification voltage adjustment step may 
comprise: an identification level position adjustment 
10 step of shifting, by a same level, respective ones of the 
plurality of identification levels; and an identification lev- 
el interval adjustment step of adjusting an interval be- 
tween each pair of the plurality of identification levels. 
[0026] The identification voltage adjustment step may 
15 comprise: an extreme identification level adjustment 
step of independently adjusting identification levels 
which respectively have a maximum value and a mini- 
mum value among the plurality of identification levels; 
and an intermediate identification level setling step of 
20 setting a value of each remaining identification level to 
a value which divides, at a predetermined division ratio, 
a voltage level range between the identification levels 
which respectively have the maximum value and the 
minimum value. 
25 [0027] The identification level control method may fur- 
ther comprise: an interval widening step of gradually 
widening a difference between identification levels 
which respectively have a maximum value and a mini- 
mum value among the identification levels during a time 
30 period in which the comparison step is giving a determi- 
nation result of "match". 

[0028] The identification level control method may 
comprise: an identification step of producing an identi- 
fication output obtained by making a comparison in 
35 magnitude between an input digital signal and a prede- 
termined identification level; an error detection step of 
detecting an error in a code string which forms the iden- 
tification output; and an identification level changing 
step of increasing the identification level when a low lev- 
40 el is erroneously identified as a high level, and decreas- 
ing the identification level when a high level is errone- 
ously identified as a low level. 

[0029] An identification phase control method of the 
present invention comprises: an identification step of 
45 producing a plurality of identification outputs each ob- 
tained by making a comparison in magnitude between 
an input digital signal and a predetermined identification 
level with a respective one of a plurality of identification 
timings different from one another; a comparison step 
50 of making a comparison between identification outputs 
from the identification step which respectively corre- 
spond to two of the plurality of identification timings, 
thereby giving a determination result of "match" or "mis- 
match"; and an identification timing adjustment step of 
55 adjusting the identification timings based on the deter- 
mination result given in the comparison step. 
[0030] The identification timing adjustment step may 
comprise: an identification timing position adjustment 
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step of shifting, by a same level, respective ones of the 
plurality of identification timings; and an identification 
timing interval adjustment step of adjusting an interval 
between each pair of the plurality of identification tim- 
ings. 

[0031] The identification timing adjustment step may 
comprise: an extreme identification timing adjustment 
step of independently adjusting identification timings 
which respectively have a maximum delay amount and 
a minimum delay amount among the plurality of identi- 
fication timings; and an intermediate identification timing 
setting step of setting a value of each remaining identi- 
fication timing to a value which divides, at a predeter- 
mined division ratio, an identification timing range be- 
tween the identification timings which respectively have 
the maximum delay amount and the minimum delay 
amount. 

[0032] The identification phase control method further 
may comprise: an interval widening step of gradually 
widening a difference in delay amount between identifi- 
cation timings which respectively have a maximum de- 
lay amount and a minimum delay amount among the 
identification timings during a time period in which the 
comparison step is giving a determination result of 
"match". 

[0033] An optical receiver of the present invention 
comprises: a photodetector for converting an input op- 
tical signal into an electric signal; an automatic identifi- 
cation level control circuit as described above which re- 
ceives the electric signal; and a clock extraction circuit 
for extracting and outputting a clock signal contained in 
the electric signal, and providing the extracted clock sig- 
nal to the automatic identification level control circuit. 
[0034] The optical receiver may further comprise: an 
identifier for receiving the electric signal and identifying 
the received electric signal based on one of the plurality 
of identification levels which has a value in a vicinity of 
a median among the plurality of identification levels, and 
a timing of the clock signal. 

[0035] The optical receiver may further comprise: a 
capacitor inserted between the photodetector and the 
identifier. 

[0036] The optical receiver may further comprise: an 
identification phase control circuit as described above, 
wherein the electric signal is input to the identification 
phase control circuit, one of the plurality of identification 
timings which has a delay amount in a vicinity of a me- 
dian among the plurality of identification timings is pro- 
vided to the automatic identification level control circuit, 
and one of the plurality of identification levels which has 
a value in a vicinity of a median among the plurality of 
identification levels is provided to the automatic identi- 
fication phase control circuit. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] 

5 Fig. 1 is a diagram illustrating a structure of an au- 

tomatic identification level control circuit 1000 ac- 
cording to one embodiment of the present inven- 
tion; 

Fig. 2 is a diagram illustrating a structure of an au- 
10 tomatic identification level control circuit 2000 ac- 
cording to one embodiment of the present inven- 
tion; 

Fig. 3 is a diagram illustrating a structure of an au- 
tomatic identification level control circuit 3000 ac- 
15 cording to one embodiment of the present inven- 
tion; 

Fig. 4 is a diagram illustrating a structure of an au- 
tomatic identification level control circuit 4000 ac- 
cording to one embodiment of the present inven- 
20 tion; 

Fig. 5 is a diagram illustrating a structure of an au- 
tomatic identification phase control circuit 5000 ac- 
cording to one embodiment of the present inven- 
tion; 

25 Fig. 6 is a diagram illustrating a structure of an au- 
tomatic identification phase control circuit 6000 ac- 
cording to one embodiment of the present inven- 
tion; 

Figs 7A and 7B illustrate the operation of one em- 

30 bodiment of the present invention; 

Figs 8A and 8B illustrate the operation of one em- 
bodiment of the present invention; 
Fig. 9 is a diagram illustrating a structure of an iden- 
tification voltage control circuit 1 03 according to one 

35 embodiment of the present invention; 

Fig. 10 is a diagram illustrating a structure of an 
identification voltage control circuit 203 according 
to one embodiment of the present invention; 
Fig. 11 is a diagram illustrating a structure of an 

40 identification voltage control circuit 103* according 
to one embodiment of the present invention; 
Fig. 12 is a diagram illustrating a structure of an 
identification voltage control circuit 203' according 
to one embodiment of the present invention; 

45 Fig. 13 is a diagram illustrating a structure of an 
identification voltage control circuit 403 according 
to one embodiment of the present invention; 
Fig. 14 is a diagram illustrating a structure of an 
identification phase control circuit 503 according to 

so one embodiment of the present invention; 

Fig. 15 is a diagram illustrating a structure of an 
identification phase control circuit 503' according to 
one embodiment of the present invention; 
Fig. 16 is a diagram illustrating a structure of an 

55 identification phase control circuit 603 according to 
one embodiment of th present invention; 
Fig. 1 7 is a diagram illustrating an exemplary struc- 
ture of a variable delay circuit used in one embodi- 
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ment of the present invention; 
Fig. 1 8 is a diagram illustrating a structure of an au- 
tomatic identification level control circuit 8000 ac- 
cording to one embodiment of the present inven- 
tion; 

Fig. 1 9 is a diagram illustrating a structure of an op- 
tical receiver circuit according to one embodiment 
of the present invention; 

Fig. 20 is a diagram illustrating a structure of an op- 
tical receiver circuit according to one embodiment 
of the present invention; 

Fig. 21 is a diagram illustrating a structure of an op- 
tical receiver circuit according to one embodiment 
of the present invention; 

Fig. 22 is a diagram illustrating a structure of an op- 
tical receiver circuit according to one embodiment 
of the present invention; 

Fig. 23 is a diagram illustrating a structure of an op- 
tical receiver circuit according to one embodiment 
of the present invention; 

Fig. 24 is a diagram illustrating a structure of an op- 
tical receiver circuit according to one embodiment 
of the present invention; and 
Fig. 25 is a diagram illustrating a structure of an op- 
tical communication system according to one em- 
bodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] The structure and operation of an automatic 
identification level control circuit, an identification level 
control method, an automatic identification phase con- 
trol circuit, an identification phase control method, and 
an optical receiver according to the present invention 
will be described with reference to Figs 1 to 23. 

(Embodiment 1) 

[0039] Fig. 1 is a diagram illustrating a structure of an 
automatic identification level control circuit 1 000 accord- 
ing to the first embodiment of the present invention. Re- 
ferring to Fig. 1 , the automatic identification level control 
circuit 1000 includes a coupling capacitor 100, a three- 
value identification circuit 101 , a level fluctuation detec- 
tion circuit 102, an identification voltage control circuit 
103, and a low-pass filter 104. The three-value identifi- 
cation circuit 101 includes limiter amplifiers 105 to 107, 
and flip flops 108 to 110. The level fluctuation detection 
circuit 102 includes exclusive OR circuits 111 and 112. 
[0040] The coupling capacitor 1 00 cuts off a DC com- 
ponent of a data input signal 1 so as to pass only the 
signal component therethrough. The three-value identi- 
fication circuit 101 has identification points respectively 
in the vicinity of the H level, the median level and the L 
level of the data input signal 1 , and outputs identification 
results Q1, Q2 and Q3 which have been obtained by 
using the H level, the median level and the L level, re- 



spectively. The level fluctuation detection circuit 102 
makes a comparison between the H level identification 
result Q1 and the median level \dientli\cat\on result Q2 
from the three-value identification circuit 101, and be- 

s tween the median level identification result Q2 and the 
L level identification result Q3, so as to detect a de- 
crease in the H level or an increase in the L level and 
output an H level decrease pulse and an L level increase 
pulse. The identification voltage control circuit 103 out- 

10 puts an identification voltage control signal such that 
when the H level decrease pulse is received, the respec- 
tive non-inverted terminal bias voltages of the limiter 
amplifiers 105 to 107 are simultaneously increased, 
whereas when the L level increase pulse is received, 

'5 the respective non-inverted terminal bias voltages of the 
limiter amplifiers 105 to 107 are simultaneously de- 
creased. The identification voltage control circuit 1 03 al- 
so outputs an identification voltage width control signal 
1 , which provides a control such that when the H level 

20 decrease pulse or the L level increase pulse is received, 
the identification voltage VTHH of the limiter amplifier 
1 05 is rapidly decreased, thereby narrowing the interval 
between VTHH and VTH, and when the H level de- 
crease pulse or the L level increase pulse is no longer 

25 received, the identification voltage VTHH is gradually in- 
creased, thereby slowly widening the interval between 
VTHH and VTH. The identification voltage control circuit 
103 further outputs an identification voltage width con- 
trol signal 2, which provides a control such that when 

30 the H level decrease pulse or the L level increase pulse 
is received, the identification voltage VTHL of the limiter 
amplifier 1 07 is rapidly increased, thereby narrowing the 
interval between VTH and VTHL, and when the H level 
decrease pulse or the L level increase pulse is no longer 

35 received, the identification voltage VTHL is gradually 
decreased, thereby slowly widening the interval be- 
tween VTH and VTHL. In this case, the interval between 
VTH and VTHL and the interval between VTHH and VTH 
are not necessarily equal. 

40 The low-pass filter 104 is connected between the 

inverted terminals of the limiter amplifiers 1 05 to 1 07 and 
the identification voltage control signal from the identifi- 
cation voltage control circuit 103 so as to remove the 
signal component. 

45 [0041] As mentioned above, the three-value identifi- 
cation circuit 101 includes the limiter amplifier 105, the 
limiter amplifier 1 06, the limiter amplifier 1 07, the flip flop 
1 08 the flip flop 1 09, and the flip flop 110. 
[0042] The limiter amplifier 1 05 receives at its non- 

50 inverted input terminal the output from the capacitor 
100, and compares the output from the capacitor 100 
with the identification voltage VTHH. Similarly, the lim- 
iter amplifier 106 receives at its non-inverted input ter- 
minal the output from the capacitor 1 00, and compares 

55 the output from the capacitor 1 00 with the identification 
voltage VTH. Similarly, the limiter amplifier 1 07 receives 
at its non-invert d input terminal the output from the ca- 
pacitor 100, and compares the output from the capacitor 



6 



BNSDOCID <EP 1117215A2J_> 



11 



EP 1 117 215 A2 



12 



100 with the identification voltage VTHL. The flip flop 

1 08 receives at its data input terminal (D) the output sig- 
nal from the limiter amplifier 1 05, and outputs data which 
is in synchronism with a clock signal (CLK). The flip flop 

1 09 receives at its data input terminal (D) the output sig- 
nal from the limiter amplifier 1 06, and outputs data which 
is in synchronism with the clock signal (CLK). The flip 
flop 110 receives at its data input terminal (D) the output 
signal from the limiter amplifier 107, and outputs data 
which is in synchronism with the clock signal (CLK). 
[0043] As mentioned above, the level fluctuation de- 
tection circuit 102 includes the exclusive OR circuit 111 
and the exclusive OR circuit 112. The exclusive OR cir- 
cuit 111 receives at its two input terminals the output sig- 
nals from the flip flop 108 and the flip flop 109, respec- 
tively, and detects a match/mismatch therebetween. 
The exclusive OR circuit 112 receives at its two input 
terminals the output signals from the flip flop 109 and 
the flip flop 110, respecLively, and delects a maLch/mis- 
match therebetween. 

[0044] Referring to Fig, 9, the identification voltage 
control circuit 1 03 includes a buffer 901 , a charging cir- 
cuit 903, a buffer 902, a discharging circuit 904, an adder 
905, a buffer 906, an OR circuit 907, a charging/dis- 
charging circuit 908, a buffer 909, and a buffer 91 0. 
[0045] The buffer 901 receives the H level decrease 
pulse from the exclusive OR circuit 111. The output volt- 
age from the charging circuit 903 increases each time 
the H level decrease pulse is received. The buffer 902 
receives the L level increase pulse from the exclusive 
OR circuit 112. 

The output voltage from the discharging circuit 904 de- 
creases as the number of L level increase pulses re- 
ceived increases. The adder 905 adds together the re- 
spective voltages from the charging circuit 903 and the 
discharging circuit 904. The buffer 906 receives the volt- 
age from the voltage addition means, and outputs the 
received voltage as the identification voltage control sig- 
nal. The OR circuit 907 produces the logical sum of the 
respective outputs from the buffer 901 and the buffer 
902. The charging/discharging circuit 908 has a circuit 
which is rapidly charged when there is an input from the 
OR circuit 907 and gradually discharged when there is 
no longer an input from the OR circuit 907. The charging/ 
discharging circuit 908 has an output V1 whose voltage 
is rapidly decreased when there is an input from the OR 
circuit 907 and gradually increased when there is no 
longeran input from the OR circuit 907, and another out- 
put V2 whose voltage is rapidly increased when there is 
an input from the OR circuit 907 and gradually de- 
creased when there is no longer an input from the OR 
circuit 907. The buffer 909 receives the output V1 from 
the charging/discharging circuit 908, and outputs the 
identification voltage width control signal 1 . The buffer 
910 receives the output V2 from the charging/discharg- 
ing circuit 908, and outputs the identification voltage 
width control signal 2. In this case, the interval between 
the identification voltage control signal and the identifi- 



cation voltage width control signal 1 and the interval be- 
tween the identification voltage control signal and the 
identification voltage width control signal 2 are not nec- 
essarily equal. 

5 The buffers 901, 902, 909 and 910 may be omitted if 
there is no possibility of noise creeping. While a well- 
known low-pass filter configuration including a resistor 
R and a capacitor C is used for the low-pass filter 1 04, 
the low-pass filter 1 04 is not limited to this configuration. 

10 [0046] Next, the operation of the automatic identifica- 
tion level control circuit 1000 will be described with ref- 
erence to Figs 1 , 7 and 9. 

[0047] Referring to Fig. 1, the data input signal 1 is 
provided to the three-value identification circuit 101 via 

*5 the coupling capacitor 1 00. 

[0048] In a normal state, the identification voltage 
VTHH, the identification voltage VTH, the identification 
voltage VTHL, and the data input signal 1 are in a rela- 
tionship as shown in Slate la or Fig. 7A wilh respect to 

20 one another. Specifically, the H level of the data is above 
the identification voltage VTHH, and the L level of the 
data is below the identification voltage VTHL. In this 
state, the respective outputs from the limiter amplifiers 
105 to 107 illustrated in Fig. 1 arc all at the H level. As 

25 a result, as shown in "Table illustrating operation of 
three-value identification circuit and level fluctuation de- 
tection circuit" of Fig. 7B, the respective outputs Q1 to 
Q3 from the flip flops 108 to 11 0 illustrated in Fig. 1 are 
also ail at the H level, whereby the respective outputs 

so from the exclusive OR circuit 1 1 1 and the exclusive OR 
circuit 112 are both at the L level. 
[0049] Similarly, where the L level of the data is below 
the identification voltage VTHL, the respective outputs 
from the limiter amplifiers 105 to 107 illustrated in Fig. 

35 1 are all at the L level. As a result, as shown in "Table 
illustrating operation of three-value identification circuit 
and level fluctuation detection circuit", the respective 
outputs Q1 to Q3 from the flip flops 1 08 to 110 are also 
all at the L level, whereby the respective outputs from 

40 the exclusive OR circuit 1 1 1 and the exclusive OR circuit 
1 1 2 are both at the L level. 

[0050] If, as shown in State 2a of Fig. 7A, the H level 
of the data input signal 1 decreases to a level between 
the identification voltage VTHH and the identification 

45 voltage VTH, the output from the limiter amplifier 105 
illustrated in Fig. 1 is at the L level while the respective 
outputs from the limiter amplifiers 1 06 and 1 07 are at 
the H level. As a result, as shown in Fig. 7B, the output 
Q1 from the flip flop 1 08 is at the L level while the re- 

50 spective outputs Q2 and Q3 from the flip flops 1 09 and 
110 are at the H level, whereby the output from the ex- 
clusive OR circuit 111 is at the H level while the output 
from the exclusive OR circuit 112 is at the L level. 
[0051 ] Conversely, if, as shown in State 3a, the L level 

55 of the data input signal 1 increases to a level between 
the identification voltage VTH and the identification volt- 
age VTHL, the respective outputs from the limiter am- 
plifiers 105 and 106 illustrated in Fig. 1 are at the L level 
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while the output from the limiter amplifier 107 is at the 
H level. As shown in "Table illustrating operation of 
three-value identification circuit and level fluctuation de- 
tection circuit", the respective outputs Q1 and Q2 from 
the flip flops 108 and 109 are at the L level while the 5 
output Q3 from the flip flop 1 1 0 is at the H level, whereby 
the output from the exclusive OR circuit 111 is at the L 
level while the output from the exclusive OR circuit 112 
is at the H level. 

[0052] Next, the operation of the identification voltage 
control circuit 1 03 will be described with reference to Fig. 
9. The H level decrease pulse from the level fluctuation 
detection circuit 102 is first provided to the buffer 901. 
The buffer 901 is inserted for the purpose of preventing 
noise creeping, and the like, from the surrounding cir- 
cuits, etc. The charging circuit 903 is a type of integration 
circuit whose output voltage increases each time the H 
level decrease pulse is received and decreases when 
the H level decrease pulse is no longer received. 
[0053] As the buffer 901 , the buffer 902 receiving the 
L level increase pulse is inserted for the purpose of pre- 
venting noise creeping, and the like. The discharging cir- 
cuit 904 is also a type of integration circuit whose output 
voltage decreases each time the L level increase pulse 
is received and increases when the L level increase 
pulse is no longer received. 

[0054] The respective outputs from the charging cir- 
cuit 903 and the discharging circuit 904 are added to- 
gether. When the number of H level decrease pulses is 
larger than the number of L level increase pulses, the 
resulting identification voltage control signal increases. 
Conversely, when the number of H level decrease puls- 
es is smaller than the number of L level increase pulses, 
the resulting identification voltage control signal de- 
creases. Specifically, when the number of H level de- 
crease pulses is larger than the number of L level in- 
crease pulses, the identification voltages VTHH, VTH 
and VTHL are shifted downwardly from State 2a so as 
to restore the normal relationship as shown in State la. 
When the number of H level decrease pulses is smaller 
than the number of L level increase pulses, the identifi- 
cation voltages VTHH, VTH and VTHL are shifted up- 
wardly from State 3a so as to restore the normal rela- 
tionship as shown in State la. 

[0055] When the identification voltages VTHH, VTH 
and VTHL are shifted downwardly from State 2a, the 
identification voltage VTHL may be positioned below the 
L level if the amplitude of the data input signal has been 
reduced. In such a case, the intervals between VTHH, 
VTH and VTHL should be narrowed in order to ensure 
the normal relationship as shown in State la. 
[0056] Such an interval control operation will be de- 
scribed with reference to Fig. 9. 

[0057] The logical sum of the H level decrease pulse 
and the L level increase pulse is produced in the OR 
circuit 907. The charging/discharging circuit 908 is a 
type of peak value detection circuit, and the operation 
thereof is such that it is rapidly charged when either 



pulse is received and gradually discharged when either 
pulse is no longer received (or vice versa). The charg- 
ing/discharging circuit 908 has the output V1 whose volt- 
age is rapidly decreased when a pulse is received and 
gradually increased when a pulse is no longer received, 
and another output V2 whose voltage is rapidly in- 
creased when a pulse is received and gradually de- 
creased when a pulse is no longer received. Therefore, 
when either the H level decrease pulse or the L level 
increase pulse is received, the output V1 provides the 
identification voltage width control signal 1 via the buffer 
909 so as to rapidly decrease the identification voltage 
VTHH of the limiter amplifier 1 05. 
[0058] When either the H level decrease pulse or the 
L level increase pulse is received, the output V2 pro- 
vides the identification voltage width control signal 2 via 
the buffer 91 0 so as to rapidly increase the identification 
voltage VTHL of the limiter amplifier 107. 
[0059] Thus, the interval between the identification 
voltage VTHH and the identification voltage VTH and 
the interval between the identification voltage VTH and 
the identification voltage VTHL can be narrowed when 
either the H level decrease pulse or the L level increase 
pulse is received. As a result, even when the amplitude 
of the data input signal has been reduced, it is possible 
to ensure the normal relationship as shown in State la 
among VTHH, VTH and VTHL. 

[0060] The buffers 906, 909 and 910 are inserted for 
the purpose of preventing noise creeping, and act as a 
type of voltage follower. These buffers can be omitted if 
there is no noise creeping. 

(Embodiment 2) 

[0061 ] Fig. 2 is a diagram illustrating a structure of an 
automatic identification level control circuit 2000 accord- 
ing to the second embodiment of the present invention. 
A three-value identification circuit 201 and a level fluc- 
tuation detection circuit 202 are structurally the same as 
those in the automatic identification level control circuit 
1000 illustrated in Fig. 1 . A difference from the structure 
of Fig. 1 is in that all of the identification voltage control 
signal, the identification voltage width control signal 1 
and the identification voltage width control signal 2 are 
applied to the inverted terminals of limiter amplifiers 205 
to 207. Specifically, the identification voltage control sig- 
nal is applied to the limiter amplifier 206 as it is. The 
identification voltage width control signal 1 is applied to 
the limiter amplifier 205 after the identification voltage 
control signal is added thereto. The identification volt- 
age width control signal 2 is applied to the limiter ampli- 
fier 207 after the identification voltage control signal is 
added thereto. Thus, the operation principle of the au- 
tomatic identification level control circuit 2000 is basi- 
cally the-same as that of the automatic identification lev- 
el control circuit 1 000. 

[0062] However, since the identification voltage con- 
trol signals are all applied to the inverted terminals of 
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the limiter amplifiers 205 to 207, the direction of control 
is opposite to that in the case of the identification voltage 
control signal illustrated in Fig. 1 . Accordingly, an iden- 
tification voltage control circuit 203 illustrated in Fig. 2 
has a structure similar to that of the identification voltage 
control circuit 103 illustrated in Fig. 9 except that the 
charging circuit 903 and the discharging circuit 904 are 
switched to each other. The structure of the identification 
voltage control circuit 203 is illustrated in Fig. 10. 
[0063] When the H level decrease pulse is received 
by the discharging circuit, the resulting identification 
voltage control signal provides a control so as to de- 
crease the identification voltage VTHH, the identification 
voltage VTH and the identification voltage VTHL. When 
the L level increase pulse is received by the charging 
circuit, the resulting identification voltage control signal 
provides a control so as to increase the identification 
voltage VTHH, the identification voltage VTH and the 
identification voltage VTHL. 

[0064] The identification voltage width control signal 
1 and the identification voltage width control signal 2 
themselves are the same as those used in the identifi- 
cation voltage control circuit 103 whose structure is il- 
lustrated in Fig. 9. However, those identification voltage 
width control signals are applied as reference voltages 
to the limiter amplifiers 205 and 206, respectively, after 
the identification voltage control signal is added thereto. 
[0065] A voltage VB in the vicinity of the identification 
voltage VTH is applied as a bias voltage to the non-in- 
verted terminal of each of the limiter amplifiers 205 to 
207. In this case, the interval between the identification 
voltage VTHH and the identification voltage VTH and 
the interval between the identification voltage VTHL and 
the identification voltage VTH are not necessarily equal. 

(Embodiment 3) 

[0066] Fig. 3 is a diagram illustrating a structure of an 
automatic identification level control circuit 3000 accord- 
ing to the third embodiment of the present invention. 
This circuit employs a level fluctuation detection circuit 
302 in place of the level fluctuation detection circuit 1 02 
illustrated in Fig. 1 . The level fluctuation detection circuit 

302 is characterized in that it includes a pulse width 
elongation circuit 313 for elongating the pulse width of 
the H level decrease pulse which is output from an ex- 
clusive OR circuit 311 , and another pulse width elonga- 
tion circuit 314 for elongating the pulse width of the L 
level increase pulse which is output from another exclu- 
sive OR circuit 312. A well-known monostable multivi- 
brator circuit is used for each of the pulse width elonga- 
tion circuits 313 and 314. 

The pulse elongation allows one to employ a slow-op- 
eration circuit for an identification voltage control circuit 

303 which is connected in a subsequent stage, ther by 
reducing the complexity and the production cost of the 
circuit. 



(Embodiment 4) 

[0067] Fig. 4 is a diagram illustrating a structure of an 
automatic identification level control circuit 4000 accord- 

5 ing to the fourth embodiment of the present invention. 
In this embodiment, a three-value identification circuit 
401 and a level fluctuation detection circuit 402 are the 
same as those used in the automatic identification level 
control circuit 1 000 illustrated in Fig. 1 : and thus will not 

10 be further described below. An identification voltage 
control circuit 403 will now be described with reference 
to Fig. 13. 

[0068] As illustrated in Fig. 13, the H level decrease 
pulse input to the identification voltage control circuit 
15 403 is input to a discharging circuit 1303 via a buffer 
1301 . The discharging circuit 1303 has a characteristic 
such that its output voltage decreases as the number of 
input pulses increases. The output of the discharging 
circuit 1303 is output via a buffer 1305 as an H level 
20 identification voltage control signal. The L level increase 
pulse is input to a charging circuit 1 304 via a buffer 1 302. 
The charging circuit 1 304 has a characteristic such that 
its output voltage increases as the number of input puls- 
es increases, and the output thereof is output via a buffer 
25 1306 as an L level identification voltage control signal. 
[0069] The H level identification voltage control signal 
is applied to an identification voltage source which is 
connected to the inverted terminal of a limiter amplifier 
405 illustrated in Fig. 4, and provides a control such that 
3o the identification voltage VTHH is decreased as the H 
level of the data input signal decreases. On the other 
hand, the L level identification voltage control signal is 
applied to an identification voltage source which is con- 
nected to the inverted terminal of a limiter amplifier 407 
35 illustrated in Fig. 4, and provides a control such that the 
identification voltage VTHL is increased as the L level 
of the data input signal increases. The identification volt- 
age VTH is set by a voltage divider 404 to a voltage in 
the middle between the H level identification voltage 
40 control signal and the L level identification voltage con- 
trol signal. In the present embodiment, the voltage di- 
vider 404 is simply implemented by a resistor R1 and a 
resistor R2. When the resistor R1 and the resistor R2 
are set to an equal resistance value, the identification 
45 voltage VTH is set to the voltage just in the middle be- 
tween the H level identification voltage control signal 
and the L level identification voltage control signal. Al- . 
ternativefy, the identification voltage VTH can be set to 
a different level by changing the ratio between R1 and 

50 R2. 



(Embodiment 5) 

[0070] Fig. 5 is a diagram illustrating a structure of an 
55 automatic identification phase control circuit 5000 ac- 
cording to the fifth embodiment of the present invention . 
While automatic identification level control circuits of the 
present invention have been described above, it is also 
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possible to automatically adjust an identification phase 
based on a principle similar to those used in the auto- 
matic identification level control circuits. This will be de- 
scribed with reference to Fig. 5. The automatic identifi- 
cation phase control circuit 5000 includes a three-value 
identification circuit 501 , a level fluctuation detection cir- 
cuit 502 : an identification phase control circuit 503, and 
variable delay circuits 513 to 515. 
[0071] The three-value identification circuit 501 in- 
cludes limiter amplifiers 505 to 507 and flip flops 508 to 
510. The three-value identification circuit 501 has sub- 
stantially the same structure as that of the three-value 
identification circuit 101 of the automatic identification 
level control circuit 1 000, but has a difference in that the 
identification voltage VTH is commonly provided to the 
respective inverted terminals of the limiter amplifiers 
505 to 507. Another difference is in that the clock phases 
are applied to the respective clock terminals C of the flip 
flops 508 to 51 0 after they are adjusted by the variable 
delay circuits 513 to 515, respectively. In this case, the 
clock phase difference between the clock applied to flip 
flops 508 and the one applied to flip flops 509 ,and the 
clock phase difference 

between the clock applied to flip flops 509 and the one 
applied to flip flops 51 0 are not necessarily equal. 

Next, the operation of the automatic identification 
phase control circuit will be described with reference to 
Figs 8A and 8B. 

[0072] When the identification phase is normal, an 
identification position TL, an identification position TTH, 
an identification position TR, and the data input signal 
1 are in a relationship as shown in State 1b. That is, the 
rising point of the data is on the left of the identification 
position TL while the falling point of the data is on the 
right of the identification position TR. In such a case, the 
respective outputs from the limiter amplifiers 505 to 507 
illustrated in Fig. 5 are all at the H level or all at the L 
level. As a result, as shown in "Table illustrating opera- 
tion of three-value identification circuit and level fluctu- 
ation detection circuit" of Fig. 8B, the respective outputs 
Q4 to Q6 from the flip flops 508 to 510 are also all at the 
H level or ail at the L level, whereby the respective out- 
puts from exclusive OR circuits 511 and 512 are both at 
the L level. 

[0073] On the contrary, when the data input signal 1 
has shifted to the right as shown in State 2b, whereby 
the cross point is now between the identification position 
TL and the identification position TTH, the output from 
the limiter amplifier 505 illustrated in Fig. 5 is at the L 
level while the respective outputs from the limiter ampli- 
fiers 506 and 507 are at the H level, or the output from 
the limiter amplifier 505 is at the H level while the re- 
spective outputs from the limiter amplifiers 506 and 507 
are at the L level. Then : the output Q4 from the flip flop 
508 is at the L level while the respective outputs Q5 and 
Q6 from the flip flops 509 and 510 are at the H level, or 
the output 04 from th flip flop 508 is at the H level while 
the respective outputs Q5 and Q6 from the flip flops 509 



and 510 are at the L level. As a result, the output from 
the exclusive OR circuit 511 is at the H level while the 
output from the exclusive OR circuit 51 2 is at the L level. 
[0074] Conversely, when the data input signal 1 has 

5 shifted to the left as shown in State 3b, whereby the 
cross point is now between the identification position 
TTH and the identification position TR, the respective 
outputs from the limiter amplifiers 505 and 506 illustrat- 
ed in Fig. 5 are at the H level while the output from the 

10 limiter amplifier 507 is at the L level, or the respective 
outputs from the limiter amplifiers 505 and 506 are at 
the L level while the output from the limiter amplifier 507 
is at the H level. Then, as shown in "Table illustrating 
operation of three-value identification circuit and level 

15 fluctuation detection circuit", the respective outputs Q4 
and Q5 from the flip flops 508 and 509 are at the H level 
while the output Q6 from the flip flop 51 0 is at the L level, 
or the respective outputs Q5 and Q6 from the flip flops 
508 and 509 are at the L level while the output Q6 from 

20 the flip flop 510 is at the H level. As a result, the output 
from the exclusive OR circuit 511 is at the L level while 
the output from the exclusive OR circuit 512 is at the H 
level. 

[0075] Next, the operation of an identification phase 
25 control circuit 503 illustrated in Fig. 5 will be described 
with reference to Fig. 14. A right shift pulse from the level 
fluctuation detection circuit 502 is received at a buffer 
1 401 . The buffer 1 401 is inserted for the purpose of pre- 
venting noise creeping, and the like, from the surround- 
so jng circuits, etc. A discharging circuit 1403 is a type of 
integration circuit whose output voltage decreases each 
time the right shift pulse is received and increases when 
the right shift pulse is no longer received. 
[0076] As the buffer 1401 , a buffer 1402 receiving a 
35 left shift pulse is inserted for the purpose of preventing 
noise creeping, and the like. A charging circuit 1404 is 
also a type of integration circuit whose output voltage 
increases each time the left shift pulse is received and 
decreases when the left shift pulse is no longer received. 
40 [0077] The respective outputs from the charging cir- 
cuit 1 404 and the discharging circuit 1 403 are added to- 
gether. When the number of right shift pulses is larger 
than the number of left shift pulses, the resulting identi- 
fication phase control signal decreases. Conversely, 
45 when the number of right shift pulses is smaller than the 
number of left shift pulses, the resulting identification 
phase control signal increases. Specifically, when the 
number of right shift pulses is larger than the number of 
left shift pulses, the identification positions TL, TTH and 
50 TR are shifted to the right from State 2b of Fig. 8A so as 
to restore the normal relationship as shown in State 1b. 
When the number of right shift pulses is smaller than the 
number of left shift pulses, the identification positions 
TL, TTH and TR are shifted to the left from State 3b so 
55 as to restore the normal relationship as shown in State 
1b. 

[0078] When the identification positions TL, TTH and 
TR are shifted to the right from State 2b, the identif ica- 
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tion position TR may be positioned on the right of the 
cross point if the duty cycle of the data input signal has 
been reduced. In such a case, the intervals between TL 
TTH and TR should be narrowed in order to ensure the 
normal relationship as shown in State 1b. 
[0079] Such an interval control operation will be de- 
scribed with reference to Fig. 14. 
[0080] The logical sum of the right shift pulse and the 
left shift pulse is produced in the OR circuit 1407. A 
charging/discharging circuit 1 408 is a type of peak value 
detection circuit, and the operation thereof is such that 
it is rapidly discharged when either pulse is received and 
gradually charged when either pulse is no longer re- 
ceived (or vice versa). The charging/discharging circuit 

1408 has the output V1 whose voltage is rapidly de- 
creased when a pulse is received and gradually in- 
creased when a pulse is no longer received, and another 
output V2 whose voltage is rapidly increased when a 
pulse is received and gradually decreased when a pulse 
is no longer received. Therefore, when either the right 
shift pulse or the left shift pulse is received, the output 
V1 of the charging/discharging circuit 1408 provides the 
identification phase width control signal 1 via a buffer 

1409 so as to rapidly shift the identification position TL 
of the flip flop 508 to the right, while the output V2 of the 
charging/discharging circuit 1408 provides the identifi- 
cation phase width control signal 1 via a buffer 1410 so 
as to rapidly shift the identification position TL of the flip 
flop 510 to the left. 

[0081] Thus, the interval between the identification 
position TL and the identification position TTH and the 
interval between the identification position TTH and the 
identification position TR can be narrowed when either 
the right shift pulse or the left shift pulse is received. As 
a result, even when the amplitude of the data input sig- 
nal has been reduced, it is possible to ensure the normal 
relationship as shown in State 1b among TL, TTH and 
TR. in this case, he interval between the identification 
position TL and the identification position TTH and the 
interval between the identification position TTH and the 
identification position TR are not necessarily equal. 

The buffers 1406, 1409 and 1410 are inserted for 
the purpose of preventing noise creeping, and act as a 
type of voltage follower. These buffers can be omitted if 
there is no noise creeping. 

[0082] Fig. 17 illustrates an exemplary structure of the 
variable delay circuits 513 to 515. The amount of delay 
is controlled by controlling the current I of a differential 
amplification circuit which acts as a limiter. When the 
current I increases, the amount of delay decreases, 
thereby shifting the clock to the left. When the current I 
decreases, the amount of delay increases, thereby shift- 
ing the clock to the right. 

(Embodiment 6) 

[0083] Fig. 6 is a diagram illustrating a structure of an 
automatic identification phase control circuit 6000 ac- 



cording to the sixth embodiment of the present inven- 
tion. In this embodiment, a three-value identification cir- 
cuit 601 and a level fluctuation detection circuit 602 are 
the same as those used in the automatic identification 
5 phase control circuit 5000 illustrated in Fig. 5, and thus 
will not be further described below. An identification 
phase control circuit 603 will now be described with ref- 
erence to Fig. 16. 

[0084] The right shift pulse input to the identification 
10 phase control circuit 603 is input to a discharging circuit 
1 603 via a buffer 1 601 , The discharging circuit 1 603 has 
a characteristic such that its output voltage decreases 
as the number of input pulses increases and increases 
as the number of input pulses decreases. The output of 

15 the discharging circuit 1 603 is output via a buffer 1 605 
as an identification phase right shift control signal. The 
left shift pulse is input to a charging circuit 1604 via a 
buffer 1602. The charging circuit 1 604 has a character- 
istic such that its output voltage increases as the number 

20 of input pulses increases and decreases as the number 
of input pulses decreases. The output of the charging 
circuit 1604 is output via a buffer 1606 as an identifica- 
tion phase left shift control signal. 
[0085] The identification phase right shift control sig- 

25 nal is applied to a variable delay circuit 615 illustrated 
in Fig. 6, and controls the variable delay circuit 615 so 
that the clock CLK is delayed as the data input signal 
shifts to the right. Similarly, the identification phase left 
shift control signal is applied to a variable delay circuit 

30 61 3 illustrated in Fig. 6, and controls the variable delay 
circuit 61 3 so that the clock CLK is advanced as the data 
input signal shifts to the left. 

[0086] The output from a voltage divider 61 6 is set to 
a voltage in the middle between the identification phase 

35 right shift control signal and the identification phase left 
shift control signal, and controls a variable delay circuit 
61 4 so that the amount of delay thereof is in the middle 
between the amount of delay of the variable delay circuit 
61 3 and the amount of delay of the variable delay circuit 

40 61 5. In the present embodiment, the voltage divider 616 
is simply implemented by a resistor R1 and a resistor 
R2. When the resistor R1 and the resistor R2 are set to 
an equal resistance value, the amount of delay of the 
variable delay circuit 614 is set to the amount just in the 

^5 middle between the amount of delay of the variable de- 
lay circuit 613 and the amount of delay of the variable 
delay circuit 615. Alternatively, the voltage division ratio 
is not limited to this. 

50 (Embodiment 7) 

[0087] Fig. 11 is a diagram illustrating a structure of 
an identification voltage control circuit 1 03' according to 
the seventh embodiment of the present invention. The 
55 identification voltage control circuit 103' illustrated in 
Fig. 11 is a variation of the identification voltage control 
circuit 103. 

[0088] The identification voltage control circuit 1 03' in- 
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eludes: up/down counters 1101 to 1103; D/A converters 
11 04 to 1106 connected to the up/down counters 1101 
to 1 1 03. respectively; buffers 1 1 07 to 1 1 09 : a timer 1110; 
and an OR circuit 1111. 

[0089] Next, the operation of the identification voltage 
control circuit 1 03' will be described. The up/down coun- 
ter 1 1 01 counts up each time the H level decrease pulse 
is received, and the up/down counter 1101 counts down 
each time the L level increase pulse is received. The 
output from the up/down counter 1101 is converted by 
the D/A converter 1 1 04 into an analog identification volt- 
age control signal. 

[0090] Therefore, when the number of H level de- 
crease pulses is larger than the number of L level in- 
crease pulses, the voltage of the identification voltage 
control signal increases. When the number of H level 
decrease pulses is smaller than the number of L level 
increase pulses, the voltage of the identification voltage 
control signal decreases. 

[0091] The logical sum of the H level decrease pulse 
and the L level increase pulse is input to the DOWN ter- 
minal of the up/down counter 1102. Therefore, the up/ 
down counter 1102 counts down, thereby decreasing 
the identification voltage width control signal 1, each 
time either the H level decrease pulse or the L level in- 
crease pulse is received by the identification voltage 
control circuit 103'. Similarly, the logical sum of the H 
level decrease pulse and the L level increase pulse is 
input to the UP terminal of the up/down counter 1103. 
Therefore, each time either of these pulses is received, 
the up/down counter 1 1 03 counts up, thereby increasing 
the identification voltage width control signal 2. 
[0092] The timer 1110 causes the up/down counter 
1 1 02 to count up, thereby increasing the voltage of the 
identification voltage width control signal 1 , when nei- 
ther the H level decrease pulse nor the L level Increase 
pulse is received. The timer 1110 also causes the up/ 
down counter 1103 to count down, thereby decreasing 
the voltage of the identification voltage width control sig- 
nal 2, when neither the H level decrease pulse nor the 
L level increase pulse is received. 
[0093] The cycle of the timer 1110 is set to be suffi- 
ciently long with respect to the clock CLK. Therefore, 
the interval between VTHH and VTH and the interval 
between VTH and VTHL can be rapidly narrowed when 
either the H level decrease pulse or the L level increase 
pulse is received, and the interval between VTHH and 
VTH and the interval between VTH and VTHL can be 
gradually widened when neither the H level decrease 
pulse nor the L level increase pulse is received. 
[0094] Fig. 12 is a diagram illustrating a structure of 
an identification voltage control circuit 203' which can 
be used in the automatic identification level control cir- 
cuit 2000. In this structure, the direction of control is op- 
posite to that in the case of the automatic identification 
level control circuit 1000. Accordingly, the H level de- 
crease pulse is connected to the DOWN terminal of an 
up/down counter 1 201 , while th L level increase pulse 



is connected to the UP terminal of the up/down counter 
1201. 

[0095] Fig. 15 is a diagram illustrating a structure of 
an identification phase control circuit 503'. The structure 

5 of the identification phase control circuit 503' is substan- 
tially the same as that of the identification voltage control 
circuit 203' illustrated in Fig. 12. In the identification 
phase control circuit 503", the right shift pulse is con- 
nected to the DOWN terminal of an up/down counter 

10 1501 , and the left shift pulse is connected to the UP ter- 
minal of the up/down counter 1501. 

(Embodiment 8) 

15 [0096] Fig. 18 is a diagram illustrating an automatic 
identification level control circuit 8000 according to the 
eighth embodiment of the present invention. The 
present embodiment employs an error correction circuit 
for the automatic identification level adjustment. 

20 [0097] The automatic identification level control circuit 
8000 illustrated in Fig. 18 includes a limiter amplifier 
1801, an error correction circuit 1802, an AND circuit 
1803, a flip flop 1804, an up/down counter 1805, a D/A 
converter 1806, a buffer 1807, and a flip flop 1808. 

25 [0098] The limiter amplifier 1801 compares the H level 
or the L level of the data input signal 1 with the identifi- 
cation voltage VTH. The error correction circuit 1 802 in- 
cludes an error detection circuit 1810 for detecting an 
error in data and, if an error is detected, outputting a 

30 correction bit "1", and an exclusive OR circuit 1 811 . The 
AND circuit 1803 produces the logical product of CLK 
and the output signal from the error detection circuit. The 
D/A converter 1 806 converts the output signal from the 
up/down counter into an analog voltage signal. 

35 [0099] Next, the operation of the automatic identifica- 
tion level control circuit 8000 will be described. The data 
input signal is input to the non-inverted terminal of the 
limiter amplifier 1801, where it is compared with the 
identification voltage VTH, so as to determine whether 

40 the data is at the H level or at the L level. The resulting 
identification output is received by the flip flop 1808 at 
the timing of CLK. The output from the flip flop 1 808 is 
input to the error detection circuit 1810, where it is 
checked whether the code string contains an error. If an 

45 error is detected, the error detection circuit 1810 outputs 
a correction bit "1 ". Correct data can be recovered from 
the erroneous data by obtaining the exclusive OR value 
of the correction bit and the output from the flip flop 1 808. 
[01 00] If the resulting binary value afterthe correction 

50 with the correction bit is "1", it is indicated that "0" has 
been corrected to "1". If the resulting binary value after 
the correction with the correction bit is "0", it is indicated 
that "1" has been corrected to "0". Thus, whether the 
error data was originally data of "1 " or data of "0" can 

55 be known from the corrected result. 

[0101] The flip flop 1804 receives data when the cor- 
rection bit is "1 ". If the received data is "1 the flip flop 
1804 outputs a "0" error pulse to the UP terminal of the 
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up/down counter 1 805 so as to cause the up/down coun- 
ter 1 805 to count up. If the data received when the cor- 
rection bit is "1" is "0", the flip flop 1804 outputs a "1" 
error pulse to the DOWN terminal of the up/down coun- 
ter 1805 so as to cause the up/down counter 1805 to 
count down. The output from the up/down counter 1 805 
is converted by the D/A converter 1806 into an analog 
voltage signal, and then provided as an identification 
voltage to the inverted terminal of the limiter amplifier 
1801. When the "0" error pulse occurs, the up/down 
counter 1805 counts up, and the resulting identification 
voltage control signal provides a control such that the 
identification voltage VTH is increased. When the "1 " er- 
ror pulse occurs, the up/down counter 1805 counts 
down, and the resulting identification voltage control sig- 
nal provides a control such that the identification voltage 
VTH is decreased. In this way, it is possible to adjust the 
identification voltage VTH to the optimal position. 

(Embodiment 9) 

[0102] Fig. 19 is a diagram illustrating an exemplary 
structure of an optical receiver circuit 9000 according to 
the ninth embodiment of the present invention, incorpo- 
rating an automatic identification level control circuit of 
the present invention. 

[0103] The optical receiver circuit 9000 includes a 
photoelectric converter 1901 for converting an optical 
signal into an electric signal, an amplifier 1902 for am- 
plifying the converted electric signal, a coupling capac- 
itor 1903, a clock extraction circuit 1904, an automatic 
identification level control circuit 1905, and an identifier 
1906. 

[0104] The output from the amplifier 1902 is provided 
via the coupling capacitor 1903 to the clock extraction 
circuit 1 904, the automatic identification level control cir- 
cuit 1905 and the identifier 1906. The clock extraction 
circuit 1 904 extracts a clock component from a data in- 
put signal, and provides the extracted clock component 
to the automatic identification level control circuit 1 905 
and the identifier 1 906. The identifier 1 906 identifies the 
data input signal with the identification voltage VTH 
which has been optimally adjusted by the automatic 
identification level control circuit 1905. A well-known 
PLL circuit is used for the clock extraction circuit 1904. 
Any of the automatic identification level control circuits 
1 000 to 4000 can be used for the automatic identification 
level control circuit 1905. 

(Embodiment 10) 

[0105] Fig. 20 is a diagram illustrating an exemplary 
structure of an optical receiver circuit 10000 according 
to the tenth embodiment of the present invention, incor- 
porating an automatic identification level control circuit 
and an automatic identification phase control circuit of 
the present invention. 

[0106] The optical receiver circuit 1 0000 illustrated in 



Fig. 20 includes a photoelectric converter 2001 for con- 
verting an optical signal into an electric signal, an am- 
plifier 2002 for amplifying the converted signal, a cou- 
pling capacitor 2003, a clock extraction circuit 2004, an 
5 automatic identification level control circuit 2005, an au- 
tomatic identification phase control circuit 2006 : and an 
identifier 2007. 

[01 07] The output from the amplifier 2002 is provided 
via the coupling capacitor 2003 to the clock extraction 

10 circuit 2004, the automatic identification level control cir- 
cuit 2005 and the identifier 2007. The clock extraction 
circuit 2004 extracts a clock component from a data in- 
put signal, and provides the extracted clock component 
to the automatic identification level control circuit 2005 

is and the identifier 2007. 

[0108] The output from the clock extraction circuit 
2004 is received by the automatic identification phase 
control circuit 2006. After the identification phase is op- 
timized by the automatic identification phase control cir- 

20 cuit 2006, the resulting clock signal CLK is provided to 
the identifier 2007 and the automatic identification level 
control circuit 2005. The identifier 2007 identifies the da- 
ta input signal with the identification voltage VTH which 
has been optimally adjusted by the automatic identif ica- 

25 tion level control circuit 2005 and with the identification 
phase which has been optimally adjusted by the auto- 
matic identification phase control circuit 2006. 
[0109] A well-known PLL circuit is used for the clock 
extraction circuit 2004. Any of the automatic identif ica- 

30 tion level control circuits 1000 to 4000 can be used for 
the automatic identification level control circuit 2005, 
and either one of the automatic identification phase con- 
trol circuits 5000 and 6000 can be used for the automatic 
identification phase control circuit 2006. 

35 

(Embodiment 11) 

[0110] Fig. 21 is a diagram illustrating an exemplary 
structure of an optical receiver circuit 11000 according 

40 to the eleventh embodiment of the present invention, in- 
corporating the automatic identification level control cir- 
cuit B000 of the present invention. 
[0111] The optical receiver circuit 11000 illustrated in 
Fig. 21 includes a photoelectric converter 21 01 forcon- 

45 verting an optical signal into an electric signal, an am- 
plifier 21 02 for amplifying the converted signal, a cou- 
pling capacitor 21 03, a clock extraction circuit 21 04, and 
the automatic identification level control circuit 8000. 
[0112] The output from the amplifier21 02 is provided 

so via the coupling capacitor 2103 to the clock extraction 
circuit 21 04 and the automatic identification level control 
circuit 8000. The clock extraction circuit 2104 extracts 
a clock component from a data input signal, and pro- 
vides the extracted clock component to the automatic 

55 identification I vel control circuit 8000. A well-known 
PLL circuit is used for the clock extraction circuit 21 04. 
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(Embodiment 12) 

[0113] Fig. 22 is a diagram illustrating an exemplary 
structure of an optical receiver circuit 12000 according 
to the twelfth embodiment of the present invention, in- 
corporating the automatic identification level control cir- 
cuit 8000 and an automatic identification phase control 
circuit of the present invention. 

[0114] The optical receiver circuit 12000 illustrated in 
Fig. 22 includes a photoelectric converter 2201 for con- 
verting an optical signal into an electric signal, an am- 
plifier 2202 for amplifying the converted signal, a cou- 
pling capacitor 2203, a clock extraction circuit 2204, the 
automatic identification level control circuit 8000, and an 
automatic identification phase control circuit 2205. 
[01 1 5] The output from the amplifier 2202 is provided 
via the coupling capacitor 2203 to the clock extraction 
circuit 2204 and the automatic identification level control 
circuit 8000. The clock extraction circuit 2204 extracts 
a clock component from a data input signal. The extract- 
ed clock is input to the automatic identification phase 
control circuit 2205. After the identification position is 
optimized for the data signal by the automatic identifi- 
cation phase control circuit 2205, the resulting clock sig- 
nal CLK is provided to the automatic identification level 
control circuit 8000. Again, a well-known PLL circuit is 
used for the clock extraction circuit 2204. 

(Embodiment 13) 

[0116] In above described embodiments, the identifi- 
cation level control circuit and the identification circuits 
for main signal are organized in separate circuits. On 
the contrary, it show another example in which identify 
the main signal by using D-FF in the identification level 
control circuit. Using circuit construction, it enables that 
optical receiver circuit to organize without other identifi- 
cation circuits for main signal, and in addition, to prevent 
aberration of the optimal identification levels between 
the automatic identification level control circuit and the 
identification circuits for identify main signal, depending 
on the dispersion of elements in LSI. 
[0117] Fig. 23 is a diagram illustrating an exemplary 
structure of an optical receiver circuit 12000 according 
to the thirteenth embodiment of the present invention, 
incorporating the automatic identification level control 
circuit of the present invention. 

[0118] The optical receiver circuit illustrated in Fig. 23 
includes a photoelectric converter 2301 for converting 
an optical signal into an electric signal , an amplifier 2302 
for amplifying the converted signal, a coupling capacitor 
2303, a clock extraction circuit 2304, and the automatic 
identification level control circuit 2305. 
[01 19] The output from the amplifier 2302 is provided 
via the coupling capacitor 2303 to the clock extraction 
circuit 2304 and the automatic identification lev I control 
circuit 2305. The clock extraction circuit 2304 extracts 
a clock component from a data input signal, and pro- 



vides the extracted clock component to the automatic 
identification level control circuit 2305. 
[01 20] Since each or flip-flops in the three-value iden- 
tification circuit operates as an identification circuit, one 

5 of the flip-flops outputting the optimum identification 
voltage VTH is used as an identification circuit for the 
main signal in the present embodiment. Conventional 
PLL circuit is employed as the clock extraction circuit 
2304. Either of the automatic identification level control 

10 circuit 1 through 4 can be used as the automatic identi- 
fication level control circuit 2305. 

(Embodiment 14) 

15 [0121] Output signal of the clock extraction circuit 
2404 is supplied to the automatic identification level con- 
trol circuit 2405 after its decision phase being optimized 
by the automatic identification level control circuit 2406. 
Since each of flip-flops in the three-value identification 

20 circuit operates as an identification circuit, one of the 
flip-flops outputting the optimum identification voltage 
VTH is used as an identification circuit for the main sig- 
nal in the present embodiment. The automatic identifi- 
cation level control circuit 2405 identifies the inputted 

25 data signal using the optimally adjusted identification 
voltage VTH. 

[0122] Conventional PLL circuit is employed as the 
clock extraction circuit 2404. Either of the automatic 
identification level control circuit 1 through 4 can be used 
30 as the automatic identification level control circuit 2405. 
Either of the automatic identification phase control cir- 
cuit 1 or 2 can be used as the automatic identification 
phase control circuit 2406. 

[0123] The above embodiments 13 and 14 utilizes 
35 one of the flip-flops as an identification circuit for the 
main signal. With this structure, discrepancy of the op- 
timum identification level outputted from the automatic 
identification level control circuit, and that of the identi- 
fication circuit for the main signal can be prevented. Ad- 
40 ditionally, reduction of circuit size and consumption pow- 
er can be realized with omission of the identification cir- 
cuit for the main signal. 

(Embodiment 15) 

45 

[0124] Fig. 25 is a diagram illustrating a structure of 
an optical communication system according to the fif- 
teenth embodiment of the present invention. 
[0125] The optical communication system 13000 in- 

50 eludes an optical receiver 2501 , an optical transmission 
path 2503, and an optical transmitter 2502. The optical 
receiver 2501 incorporates an automatic identification 
level control circuit, an identification level control meth- 
od, an automatic identification phase control circuit, an 

55 identification phase control method and an optical re- 
ceiver according to the present invention. In such an op- 
tical communication system, an input signal received via 
the optical transmission path can be optimally identified, 
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thereby realizing a desirable optical signal reception. 
[0126] As described above, according to the present 
invention, a plurality of (e.g., three) identification levels 
are used to monitor fluctuations in the H level and L level 
of the data input signal. When there is a fluctuation in 
the signal level, the fluctuation is detected before an er- 
ror actually occurs, and the identification level VTH is 
automatically controlled to the optimal value. Not only 
the respective absolute values of the identification lev- 
els, but also the intervals therebetween are controlled. 
Therefore, even when the amplitude of the input signal 
varies, it is possible to reliably find an optimal identifica- 
tion level, thereby realizing a stable identification level 
setting operation. This also applies to an identification 
phase setting operation. 



Claims 

1. An automatic identification level control circuit, 
comprising: 

an identification circuit having identification lev- 
els different from one another for an input data 
signal; and 

an identification level control circuit for output- 
ting a control signal for adjusting respective ab- 
solute values of the identification levels differ- 
ent from one another and an interval therebe- 
tween. 

2. An automatic identification level control circuit ac- 
cording to claim 1 , further comprising a level fluctu- 
ation detection circuit for outputting a match deter- 
mination signal indicating "match" or "mismatch" 
between outputs from the identification circuit which 
respectively correspond to two identification levels 
adjacent to each other in terms of magnitude among 
the identification levels different from one another. 



between so that the match determination signal 
indicates "match". 

4. An automatic identification level control circuit, 
5 comprising: 

a plurality of identification circuits receiving an 
input data signal and having identification lev- 
els different from one another; 

10 a plurality of exclusive OR circuits each output- 

ting a match determination signal indicating 
"match" or "mismatch" between outputs from 
the identification circuits which respectively 
correspond to two identification levels adjacent 

15 to each other in terms of magnitude among the 

identification levels different from one another; 
and 

an identification voltage control circuit for out- 
putting a control signal for adjusting respective 
20 absolute values of the identification levels dif- 

ferent from one another and an interval there- 
between so that the match determination signal 
indicates "match". 

25 5. An automatic identification level control circuit ac- 
cording to claim 1 , 2 or 4, comprising: 

a plurality of identification circuits receiving an 
input data signal and having identification lev- 



els different from one another; 
a plurality of exclusive OR circuits each output- 
ting a match determination signal indicating 
"match" or "mismatch" between outputs from 
the identification circuits which respectively 
35 correspond to two identification levels adjacent 

to each other in terms of magnitude among the 
identification levels different from one another; 
and 

an identification voltage control circuit for out- 
40 putting a control signal for adjusting a differ- 

ence between a DC level of the input data sig- 
nal and one of the identification levels different 
from one another, and each of the other identi- 
fication levels so that the match determination 
4 5 signal indicates "match". 

6. An automatic identification level control circuit ac- 
cording to any of claims 1 to 5, wherein the identi- 
fication voltage control circuit comprises: 

50 

a charging circuit whose output voltage is incre- 
mented when a first one of the match determi- 
nation signals corresponding to a first one of 
the identification levels indicates "mismatch"; 
55 a discharging circuit whose output voltage is 

decremented when a second one of the match 
determination signals corresponding to a sec- 
ond one of the identification levels which is less 



20 



3. An automatic identification level control circuit, 
comprising: 

an identification circuit receiving an input data 
signal and having identification levels different 
from one another; 

a plurality of exclusive OR circuits each output- 
ting a match determination signal indicating 
"match" or "mismatch" between outputs from 
the identification circuit which respectively cor- 
respond to two identification levels adjacent to 
each other in terms of magnitude among the 
identification levels different from one another; 
and 

an identification voltage control circuit for out- 
putting a control signal for adjusting respective 
absolute values of the identification levels dif- 
ferent from one another and an interval there- 
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than the first identification level indicates "mis- 
match"; and 

a charging/discharging circuit having a first out- 
put whose voltage rapidly decreases when at 
least one of the first and second match deter- 5 
mination signals indicates "mismatch" and 
gradually increases when both of the first and 
second match determination signals indicate 
"match", and a second output whose voltage 
rapidly increases when at least one of the io 
match determination signals indicates "mis- 
match" and gradually decreases when both of 
the match determination signals indicate 
"match". 

15 

7. An automatic identification level control circuit ac- 
cording to any of claims 1 to 5, wherein the identi- 
fication voltage control circuit comprises: 

a discharging circuit whose output voltage is 20 
decremented when a first one of the match de- 
termination signals corresponding to a first one 
of the identification levels indicates "mismatch"; 
a charging circuit whose output voltage is incre- 
mented when a second one of the match deter- 25 
mination signals corresponding to a second 
one of the identification levels which is less than 
the first identification level indicates "mis- 
match"; and 

a charging/discharging circuit having a first out- 30 
put whose voltage rapidly decreases when at 
least one of the first and second match deter- 
mination signals indicates "mismatch" and 
gradually increases when both of the first and 
second match determination signals indicate 35 
"match", and a second output whose voltage 
rapidly increases when at least one of the 
match determination signals indicates "mis- 
match" and gradually decreases when both of 
the match determination signals indicate *o 
"match". 

8. An automatic identification level control circuit ac- 
cording to any of claims 1 to 7, wherein the identi- 
fication voltage control circuit comprises: 

a first up/down counter which counts up when 
a first one of the match determination signals 
corresponding to a first one of the identification 
levels indicates "mismatch" and counts down 
when a second one of the match determination 
signals corresponding to a second one of the 
identification levels which is less than the first 
identification level indicates "mismatch"; 
a timer for providing a predetermined timing; 
a second up/down counter which counts down 
when at least on of the first and second match 
determination signals indicates "mismatch" 



and counts up in accordance with the predeter- 
mined timing provided by the timer; and 
a third up/down counter which counts up when 
at least one of the first and second match de- 
termination signals indicates "mismatch" and 
counts down In accordance with the predeter- 
mined timing provided by the timer. 

An automatic identification level control circuit ac- 
cording to any of claims 1 to 7, wherein the identi- 
fication voltage control circuit comprises: 

a first up/down counter which counts down 
when a first one of the match determination sig- 
nals corresponding to a first one of the identifi- 
cation levels indicates "mismatch" and counts 
up when a second one of the match determina- 
tion signals corresponding to a second one of 
the identification levels which is less than the 
first identification level indicates "mismatch"; 
a timer for providing a predetermined timing; 
a second up/down counter which counts down 
when at least one of the first and second match 
determination signals indicates "mismatch" 
and counts up in accordance with the predeter- 
mined timing provided by the timer; and 
a third up/down counter which counts up when 
at least one of the first and second match de- 
termination signals indicates "mismatch" and 
counts down in accordance with the predeter- 
mined timing provided by the timer. 

10. An automatic identification level control circuit ac- 
cording to any of claims 1 to 5, 8 or 9, wherein the 
identification voltage control circuit comprises: 

a discharging circuit whose output voltage is 
decremented when a first one of the match de- 
termination signals corresponding to a first one 
of the identification levels indicates "mismatch"; 
and 

a charging circuit whose output voltage is incre- 
mented when a second one of the match deter- 
mination signals corresponding to a second 
one of the identification levels which is less than 
the first identification level indicates "mis- 
match". 

11. An automatic identification level control circuit ac- 
50 cording to any of claims 1 to 10, wherein an average 

value between identification levels which respec- 
tively have a maximum value and a minimum value 
among the identification levels different from one 
another is included as an identification level. 

55 

12. An automatic identification level control circuit ac- 
cording to any of claims 1 to 11 , wherein the auto- 
matic identification level control circuit further com- 
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prises: 

a pulse width elongation circuit which is insert- 
ed between each of the plurality of exclusive OR 
circuits and the identification voltage control circuit 
for elongating the match determination signal. 5 

13. An automatic identification phase control circuit, 
comprising: 

a plurality of identification circuits receiving an 10 
input data signal and having identification tim- 
ings different from one another; 
a plurality of exclusive OR circuits each output- 
ting a match determination signal indicating 
"match" or "mismatch" between outputs from is 
the identification circuits which respectively 
correspond to two identification timings adja- 
cent to each other in terms of delay amount 
among the identification timings different from 
one another; and 20 
an identification timing control circuit for output- 
ting a control signal for adjusting respective 
ones of the identification timings different from 
one another so that the match determination 
signal indicates "match". 25 

14. An automatic identification phase control circuit ac- 
cording to claim 1 3, wherein the identification timing 
control circuit comprises: 

30 

a discharging circuit whose output voltage is 
decremented when a first one of the match de- 
termination signals corresponding to a first one 
of the identification timings indicates "mis- 
match"; 35 
a charging circuit whose output voltage is incre- 
mented when a second one of the match deter- 
mination signals corresponding to a second 
one of the identification timings which is de- 
layed with respect to the first identification tim- 40 
ing indicates "mismatch"; and 
a charging/discharging circuit having a first out- 
put whose voltage rapidly decreases when at 
least one of the first and second match deter- 
mination signals indicates "mismatch" and 45 
gradually increases when both of the match de- 
termination signals indicate "match", and a sec- 
ond output whose voltage rapidly increases 
when at least one of the match determination 
signals indicates "mismatch" and gradually de- so 
creases when both of the match determination 
signals indicate "match". 

15. An automatic identification phase control circuit ac- 
cording to claim 13 or 1 4, wherein the identification 55 
timing control circuit comprises: 

a first up/down counter which counts down 



when a first one of the match determination sig- 
nals corresponding to a first one of the identifi- 
cation timings indicates "mismatch" and counts 
up when a second one of the match determina- 
tion signals corresponding to a second one of 
the identification timings which is delayed with 
respect to the first identification timing indicates 
"mismatch"; 

a timer for providing a predetermined timing; 
a second up/down counter which counts down 
when at least one of the first and second match 
determination signals indicates "mismatch" 
and counts up in accordance with the predeter- 
mined timing provided by the timer; and 
a third up/down counter which counts up when 
at least one of the first and second match de- 
termination signals indicates "mismatch" and 
counts down in accordance with the predeter- 
mined timing provided by the timer. 

16. An automatic identification phase control circuit ac- 
cording to claim 1 3, wherein the identification timing 
control circuit comprises: 

a discharging circuit whose output voltage is 
decremented when a first one of the match de- 
termination signals corresponding to a first one 
of the identification timings indicates "mis- 
match"; and 

a charging circuit whose output voltage is incre- 
mented when a second one of the match det r- 
mination signals corresponding to a second 
one of the identification timings which is de- 
layed with respect to the first identification tim- 
ing indicates "mismatch". 

17. An automatic identification phase control circuit ac- 
cording to any of claims 13 to 16, wherein an aver- 
age value between identification timings which re- 
spectively have a maximum delay amount and a 
minimum delay amount among the identification 
timings different from one another is included as an 
identification timing. 

18. An automatic identification phase control circuit ac- 
cording to any of claims 1 3 to 1 7, wherein the auto- 
matic identification phase control circuit further 
comprises: 

a pulse width elongation circuit which is insert- 
ed between each of the plurality of exclusive OR 
circuits and the identification timing control circuit 
for elongating the match determination signal. 

19. An identification level control method, comprising: 

an identification step of making a comparison 
in magnitude between an input data signal and 
each of a plurality of identification levels differ- 
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an identification step of producing an identifica- 
tion output obtained by making a comparison 
in magnitude between an input digital signal 
and a predetermined identification level; 
5 an error detection step of detecting an error in 

a code string which forms the identification out- 
put; and 

an identification level changing step of increas- 
ing the identification level when a low level is 
10 erroneously identified as a high level, and de- 

creasing the identification level when a high 
level is erroneously identified as a low level. 

25. An identification phase control method, comprising: 

75 

an identification step of producing a plurality of 
identification outputs each obtained by making 
a comparison in magnitude between an input 
digital signal and a predetermined identification 

20 level with a respective one of a plurality of iden- 

tification timings different from one another; 
a comparison step of making a comparison be- 
tween identification outputs from the identifica- 
tion step which respectively correspond to two 

25 of the plurality of identification timings, thereby 

giving a determination result of "match" or "mis- 
match"; and 

an identification timing adjustment step of ad- 
justing the identification timings based on the 
30 determination result given in the comparison 

step. 



ent from one another; 

a comparison step of making a comparison be- 
tween comparison results from the identifica- 
tion step which respectively correspond to two 
of the identification levels different from one an- 
other, thereby giving a determination result of 
"match" or "mismatch"; and 
an identification voltage adjustment step of ad- 
justing respective absolute values of the iden- 
tification levels and an interval therebetween 
based on the determination result given in the 
comparison step. 

20. An identification level control method according to 
claim 19, wherein the number of the identification 
levels is three. 

21. An identification level control method according to 
claim 1 9 or 20, wherein the identification voltage ad- 
justment step comprises: 

an identification level position adjustment step 
of shifting, by a same level, respective ones of 
the plurality of identification levels; and 
an identification level interval adjustment step 
of adjusting an interval between each pair of the 
plurality of identification levels. 

22. An identification level control method according to 
any of claims 19 to 21, wherein the identification 
voltage adjustment step comprises: 

an extreme identification level adjustment step 
of independently adjusting identification levels 
which respectively have a maximum value and 
a minimum value among the plurality of identi- 
fication levels; and 

an intermediate identification level setting step 
of setting a value of each remaining identifica- 
tion level to a value which divides, at a prede- 
termined division ratio, a voltage level range 
between the identification levels which respec- 
tively have the maximum value and the mini- 
mum value. 

23. An identification level control method according to 
any of claims 1 9 to 22, wherein the identification lev- 
el control method further comprises: 

an interval widening step of gradually widen- 
ing a difference between identification levels which 
respectively have a maximum value and a minimum 
value among the identification levels during a time 
period in which the comparison step is giving a de- 
termination result of "match". 

24. An identification level control method according to 
any of claims 19 to 23, comprising: 



26. An identification phase control method according to 
claim 25, wherein the identification timing adjust- 
35 ment step comprises: 

an identification timing position adjustment 
step of shifting, by a same level, respective 
ones of the plurality of identification timings; 
40 and 

an identification timing interval adjustment step 
of adjusting an interval between each pairof the 
plurality of identification timings. 

45 27. An identification phase control method according to 
claim 25 or 26, wherein the identification timing ad- 
justment step comprises: 

an extreme identification timing adjustment 
so step of independently adjusting identification 

timings which respectively have a maximum 
delay amount and a minimum delay amount 
among the plurality of identification timings; 
and 

55 an intermediate identification timing setting 

step of setting a value of each remaining iden- 
tification timing to a value which divides, at a 
predetermined division ratio, an identification 
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timing range between the identification timings 
which respectively have the maximum delay 
amount and the minimum delay amount. 

28. An identification phase control method according to 
any of claims 25 to 27, wherein the identification 
phase control method further comprises: 

an interval widening step of gradually widen- 
ing a difference in delay amount between identifica- 
tion timings which respectively have a maximum de- 
lay amount and a minimum delay amount among 
the identification timings during a time period in 
which the comparison step is giving a determination 
result of "match". 

29. An optical receiver, comprising: 

a photodetector for converting an input optical 
signal into an electric signal; 
an automatic identification level control circuit 
according to claim 2 which receives the electric 
signal; and 

a clock extraction circuit for extracting and out- 
putting a clock signal contained in the electric 
signal, and providing the extracted clock signal 
to the automatic identification level control cir- 
cuit. 

30. An optical receiver according to claim 29, wherein 
the optical receiver further comprises: 

an identifier for receiving the electric signal 
and identifying the received electric signal based on 
one of the plurality of identification levels which has 
a value in a vicinity of a median among the plurality 
of identification levels, and a timing of the clock sig- 
nal. 



33. An optical communication system, comprising an 
optical receiver according to any of claims 29 to 32 
and an optical transmitter which is connected to the 
optical receiver via an optical transmission path. 

5 



10 



15 



20 



25 



30 



31. An optical receiver according to claim 29 or 30, 
wherein the optical receiver further comprises: 

a capacitor inserted between the photodetec- 40 
tor and the identifier. 



32. An optical receiver according to any of claims 29 to 
31 , wherein the optical receiver further comprises: 

45 

an identification phase control circuit according 
lo any of claims 13 to 1 8, and wherein 
the electric signal is input to the identification 
phase control circuit, one of the plurality of iden- 
tification timings which has a delay amount in so 
a vicinity of a median among the plurality of 
identification timings is provided to the auto- 
matic identification level control circuit, and one 
of the plurality of identification levels which has 
a value in a vicinity of a median among the plu- 55 
rality of identification levels is provided to the 
automatic identification phase control circuit. 
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